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ABSTRACT
The time anomaly of neutrino events observed in the KARMEN detetor
at the ISIS faility is disussed. We show that beam-orrelated neutron
events are not ompletely suppressed by the KARMEN lower energy ut and
ould ause the observed deviation of the measured time distribution from
an exponential urve with τ = 2.2µs.
PACS: 13.20.Cz, 14.60.Pq, 14.80.-j
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The KARMEN ollaboration investigates reations indued by neutrinos pro-
dued in the pulsed neutron spallation soure of the ISIS faility at the
Rutherford Appleton Laboratory. In 1995, they reported [1℄ an anomaly
in the time distribution of their events lustered around 3.6µs after beam-
on-target with visible energy between 11 and 35MeV. Further evidene of
events exeeding the expeted exponential distribution haraterized by the
muon lifetime has sine been reported [2℄. The speulative explanation was
that these events ould be generated by hitherto unobserved neutral massive
X-partiles originating from the ISIS target via the rare pion deay proess,
pi+ → µ+X. (1)
From the kinematis of the two-body deay of a pion at rest, and the known
masses of the pion and the muon [3℄, the mass of X was alulated to be
33.9MeV using the time-of-ight information and the mean ight-path of
17.5m from the ISIS target to the KARMEN detetor. Sine the deteted
energy of the anomalous events is found to be muh greater than the kineti
energy of the X-partile, these events are postulated to originate from X-
partiles whih deay with visible energy within the detetor via the reation
X → e+e−ν. The KARMEN ollaboration estimated the branhing fration
for the deay mode (1) as a funtion of the X-lifetime, with values of the
branhing fration ranging over many deades down to ∼10−16 [1℄.
Soon after the initial KARMEN publiation [1℄, various hypotheses were
put forward as to the nature of the X-partile [48℄, and several searhes
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undertaken to look for the rare deay (1) [912℄, all with negative results.
More reently, additional experiments [1315℄ have set even more stringent
limits for the branhing fration of the deay mode (1).
In this letter we present arguments for the existene of a beam-orrelated
neutron bakground in the KARMEN detetor that ould ontribute to an
exess of events
1
. Our basis is that the KARMEN detetor an respond to
the 10.8MeV γ-energy from neutron apture by 14N. Thermal neutrons will
originate from moderation of fast neutrons (Tn < 10MeV) in the liquid sin-
tillator. These fast neutrons are produed from medium energy interations
(Tn > 100MeV) in the KARMEN iron shield.
The liquid sintillator (PPP) used in the KARMEN detetor onsists of
75% (volume) paran oil, 25% pseudoumene and 2 g/l PMP (1-phenyl-
3-mesityl-2-pyrazoline) [16, 17℄. The hemial formulae of the omponents
are (i) paran oil, taken as C11H24, (ii) pseudoumene C9H12, (iii) PMP
C18H20N2. The nulear densities in the liquid sintillator material (in units
of nulei/Å
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) are 0.071 for hydrogen, 0.036 for arbon and 9.1 · 10−6 for
nitrogen leading to the ratio of atomi abundanes of
nH : nC : nN ≈ 7800 : 4000 : 1. (2)
It is this nitrogen that an apture neutrons via the reation
14
N(n, γ)15N (3)
with an integral γ-energy of 10.8MeV. The thermal neutron ross-setion for
1
The number of exess events reported in Ref. [1℄ is 83± 28.
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this reation is σ ≈75mb. The lower energy ut of events in the KARMEN
analysis is 11MeV [1℄ with an energy resolution of σE/E = 11.5%/
√
E [16℄
(E in MeV), whih is 3.5% or 380 keV for E = 11MeV. Thus, the 10.8MeV
γ-events from reation (3) will be aepted with an eieny of about 30%;
we note that in the energy distribution of the exess events [18℄, about 40%
of the anomalous events, whih are seleted from an energy window between
11 and 35MeV, are lustered at about 11MeV. If suh a beam-orrelated
neutron bakground is present, the subtration of purely osmi bakground
events is not suient.
The data t published by the KARMEN ollaboration gives a value for
the time onstant τµ = (2.62 ± 0.18)µs [1℄ whih diers by more than two
standard deviations from the expeted value of the muon lifetime (2.19703±
0.00004µs). We have retted the KARMEN data of Ref. [1℄ with an addi-
tional bakground of the form:
y(t) = A · e−t/τµ +B, (4)
and xing τµ to the value of 2.2µs. The result of our t is shown in Fig. 1.
This t has a χ2 of 16.4 for 17 DOF and the values of the two free parameters
found are A = (271 ± 16) events/0.5µs, B = (7.2 ± 3.0) events/0.5µs. The
value for B, greater than zero by 2.4 standard deviations, an be interpreted





A similar t was made to the ombined data from KARMEN1 and KARMEN2 [18℄.
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From the thermal apture ross-setions of hydrogen (333mb), arbon
(3.5mb) and nitrogen (75mb for n,γ and 1810mb for n,p) and using the
ratio of atomi abundanes (2), we dedue the apture ross-setion of the
sintillator to be about 220mb and the probability for reation (3) to be
P ≈ 3 · 10−5. This means that 1/P ≈ 3 · 104 thermal neutrons would be
needed to reate photons of reation (3) with 10.8MeV of deposited visible
energy. In order to pass the 11MeV ut in the KARMEN analysis, this
number has to be a fator of 3 larger, i.e. about 1 · 105.
Beause of the neutron absorbers around eah sintillator element (gadolin-
ium and borated polyethylene) [1℄, thermal neutrons annot enter the KAR-
MEN detetor and hene have to be produed by moderating fast neutrons
in the sintillator uid itself. Sine the hydrogen density in the PPP is sim-
ilar to that for water, the moderation harateristis should be alike. `Age
theory' [19℄ predits an average time for thermalization of a few mirose-
onds. The time variation of the bakground signal will be ompliated by
the 1/v-tailbak of the apture ross-setion. Thus, the ontributions to the
bakground signal, will start well before thermalization is omplete.
The events of Fig. 1 originate from 6560C, i.e. 4 · 1022 protons hitting the
ISIS target [1℄. Eah proton produes about 0.05 medium energy neutrons
per steradian at 90 degree prodution angle [20℄. The KARMEN detetor
overs 5 · 10−3 of the solid angle. The material between the target and the
KARMEN detetor provides about 4600 g·m−2 of shielding [1,16,20,21℄, and
the shielding length for medium energy (above ∼ 100MeV) neutrons is in the
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range 120 to 160 g·m−2 [22℄. This leads to the estimate that between 5 · 107
and 3 · 103 medium energy neutrons enter the KARMEN detetor. Medium
energy neutrons ontribute 0.4% of the total neutron ux esaping from an
iron shield [20℄, and 98% of all neutrons have an energy below 10MeV. With
these numbers, we get the ontributions to our probability estimate of a
beam-orrelated neutron bakground to be deteted in the KARMEN time
window (10µs) listed in Table 1.
From this table, we alulate the suppression fator of beam-orrelated
neutrons to be between 1·10−24 and 2·10−20 for the two extremes of the shield-
ing length. Thus, for a total number of protons (4 · 1022), the orresponding
expeted number of neutron events originating from a beam-orrelated bak-
ground is between 0.06 and 800 whih brakets the number of bakground
events (137 ± 57).
For a more rened bakground estimate, one has to onsider that in a
pulsed neutron spallation soure, a beam-orrelated neutron bakground has
a time struture originating from the duty yle of the primary proton beam
and the kineti energy of the neutrons on their way through the shielding.
The neutron apture rate of gadolinium absorber dissolved in water was
measured as a funtion of time after injetion of a fast neutron pulse [23℄ and
orresponds to a linear rise from zero to about 6µs followed by a onstant rate
at longer times
3
. The time variation of the neutron apture rate in the liquid
3
In fat, an exponential fall with a time onstant of ∼ 100µs [16℄ (the thermal neutron
lifetime in the KARMEN sintillator) is to be expeted.
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sintillator is expeted to be similar. This behavior has been approximated
by the funtion
y(t) = A · e(−t/2.2µs) +B · t/τc (5)
for t<τc and
y(t) = A · e(−t/2.2µs) +B (6)
for t>τc. Here, A is the initial rate of the exponential deay, B is the beam-
orrelated bakground from reation (3), and τc is the linear risetime of the
neutron apture rate. A t to the data of Ref. [1℄ results in a χ2 of 15.5
for 16 DOF. The tted values of the free parameters were A = (277 ± 14)
events/0.5µs, B = (7.3 ± 2.8) events/0.5µs, and τc = (3.4 ± 0.5)µs. This
t, shown in Fig. 2, leads to 120± 42 neutron events from a beam-orrelated
bakground. Although the statistial signiane is similar to the previous
t, it gives a possible explanation for an enhanement in the spetrum due
to the neutron apture rate in the sintillator reahing its maximum some 3
to 4µs after beam on target.
After the upgrade of the KARMEN shielding (1996/97), any beam-orrelated
bakground from neutrons should be further suppressed due to additional
polyethylene, veto sintillation ounters, and iron shielding. Thus, the or-
responding `time anomaly' in the KARMEN data [1,18℄ before 1997, should
be less signiant in the data after 1997, as was presented in Ref. [24℄.
In onlusion, it an at present not be ruled out that the number of
KARMEN exess events and their time distribution aording to Ref. [1℄ are
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onsistent with the hypothesis of originating from a beam-orrelated neutron
bakground involving neutron apture in nitrogen via reation (3). A more
elaborate analysis of the time struture of suh a neutron bakground [2,18℄
is beyond the sope of this letter, however, we would like to mention the
existene of deep minima in the total ross setion of iron, e.g. around 81 keV
[25℄. At this energy, neutrons travel through iron with a mean free path of
several meters with a veloity of 4m/µs and have a TOF of ∼ 2µs from
the surfae of the ISIS biologial shielding to the KARMEN detetor. These
neutrons have a time struture similar to that of the proton beam on the ISIS
target and so ould lead to a loalized enhanement of the beam-orrelated
bakground event-rate.
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KARMEN data of Ref. [1℄ tted with the funtion y(t) = A · e−t/2.2µs + B.
The smooth line represents the tting funtion. The dashed line is an expo-
nential with τµ = 2.2µs, and the dotted line represents an additional bak-
ground. The values of the tted parameters are A = (271±16) events/0.5µs,
B = (7.2± 3.0) events/0.5µs; the χ2 of the t is 16.4 for 17 DOF.
Figure 2:
KARMEN data of Ref. [1℄ tted with the funtion y(t) = A·e−t/2.2µs+B ·t/τc
for t ≤ τc and y(t) = A · e−t/2.2µs +B for t > τc. The smooth line represents
the tting funtion. The dashed line is an exponential with τµ = 2.2µs, and
the dotted line represents the time dependene of our estimate of neutron
apture in the KARMEN sintillator from reation (3). The values of the
tted parameters are A = (277 ± 14) events/µs, B = (7.3 ± 2.8) events/µs,
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Table 1: Fators used for estimating the beam-orrelated neutron bakground
Number of medium energy neutrons direted
towards KARMEN 0.05/sr/proton
Solid angle for the KARMEN detetor 0.0628 sr
Shielding fators for 4600 g/m
2
and shielding lengths
λ of 120 g/m2 − 160 g/m2 2 · 10−17 − 3 · 10−13
Fration of neutrons esaping the KARMEN steel shield
in the medium energy region (0.4%),
in the fast neutron region (98%); the number of fast
neutrons per medium energy neutron is 0.98/0.004 ≈ 250
Shielding eet for fast neutrons of the borated
polyethylene layer and the ative outer shield 0.25
Fration of neutrons aptured by PPP 0.78
Probability of the apture hannel
14
N(n, γ)15N 3 · 10−5
Detetion eieny for 10.8MeV (energy ut 11MeV) 0.3
Fration of aptures within the KARMEN time window 0.05
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